Results in the previous paper (15) have shown the resolution of' total poly(A)-containing VSV RNA into four species, termed bands 1 to 4. These RNAs were characterized both by size and nucleotide complexity. In this paper we show that the RNA f'rom the three smaller bands (bands 2, 3, and 4) can be eluted from 99% formamide-polyacrylamide gels and translated in ascites cell-free extracts to yield authentic VSV proteins. This has allowed us to identify the messenger RNAs in the 13 to 15S group for the G, N, NS, and M proteins.
Vesicular stomatitis virus (VSV) mRNA is complementary (2, 11) to the single piece of RNA in the virion (1, 4) and is synthesized in VSV-infected cells from both the parental and progeny negative strands (3) . Centrifugation of viral mRNA in sucrose gradients yields a homogeneous 28S species and a heterogeneous group of RNA species sedimenting at 13 to 15S (2, 11) . Polyacrylamide gel electrophoresis of the 13 16) .
Morrison et al. showed that translation of the 28S mRNA in reticulocyte extracts yields a protein comigrating on polyacrylamide gels with the L protein (9) . Translation of the 13 to 15S RNA in reticulocyte and wheat germ extracts gave proteins comigrating with M, NS, N, and possibly G proteins (9) . Further studies have shown that the G protein mRNA is f'ound exclusively in the membrane fraction of inf'ected cells. These same studies have shown by analysis of' [35] methionine-labeled tryptic peptides that the proteins synthesized in the wheat germ extract are authentic viral proteins (T. Morrison and H. Lodish, manuscript in preparation).
Results in the previous paper (15) have shown the resolution of' total poly(A)-containing VSV RNA into four species, termed bands 1 to 4. These RNAs were characterized both by size and nucleotide complexity. In this paper we show that the RNA f'rom the three smaller bands (bands 2, 3, and 4) can be eluted from 99% formamide-polyacrylamide gels and translated in ascites cell-free extracts to yield authentic VSV proteins. This has allowed us to identify the messenger RNAs in the 13 to 15S group for the G, N, NS, and M proteins.
MATERIALS AND METHODS
Cells, virus, and purification of mRNA. Infections of' Chinese hamster ovary cells with standard VSV B particles and labeling of' VSV mRNA with 32P were as described (15) .
Formamide-polyacrylamide gel electrophoresis of RNA. 32P-labeled VSV mRNA species were fractionated by preparative slab gel electrophoresis in 99% formamide as described (15) . The cytoplasmic poly(A)-containing mRNA from approximately 2 x 108 VSV-infected cells was resolved on one preparative gel as described in the previous paper (15) . The individual RNA species were eluted from the gel and purified by oligo(dT) cellulose chromatography. This RNA was precipitated by adding sodium acetate (pH 5.2) to 0.4 M and 2.5 volumes of ethanol, followed by centrifugation at 50,000 rpm for 2 h (10 C) in a Beckman SW50.1 rotor. For translation reactions, the pellet of' RNA was washed twice with 0.1 M sodium acetate (pH 5.2) in 70%', ethanol by adding this solution to the tube and centrif'uging for 1 h at 50,000 rpm. The precipitate was then dried, resuspended in 100,ol of' sterile, distilled water, and stored at 7t) C.
Cell-free protein synthesis. Preparation of' cellf'ree extracts from Krebs II mouse ascites cells and conditions for cell-free protein synthesis were as described previously (8) , except that reactions were incubated at 37 C with 78 mM KCl for the f'irst 15 min, and then the KCl concentration was increased to 1004 138 mM for a further 105 min of incubation. This procedure allowed initiation at a KCl concentration optimal for initiation, but completion of protein chains at a higher KCI concentration, which allowed a higher rate of translocation. This technique has been shown to yield a larger percentage of the full-size poliovirus RNA translation product and less "early termination" products in reactions primed by poliovirus RNA in ascites extracts (L. Villa-Komaroff, D. Baltimore, and H. Lodish, manuscript in preparation).
Approximately 10 to 20 Mg of total cytoplasmic poly(A)-containing mRNA were added to each reaction, whereas approximately 5 Mg of fractionated VSV mRNA species (10 Il of the solution of purified mRNA) were added to each cell-free reaction. No decrease in efficiency of translation was observed in the polyacrylamide gel-purified mRNA species relative to equivalent amounts of mRNA which had not been subjected to electrophoresis in formamide.
Polyacrylamide gel electrophoresis of proteins. Proteins synthesized by cell-free reactions were analyzed on cylindrical 10% polyacrylamide gels containing 0.1% sodium dodecyl sulfate and 8 M urea as described (7) . For analytical purposes, a 20-Ml portion of a reaction mixture was used. For tryptic peptide analysis, a full 50-ul reaction mixture was fractionated on one gel.
Ten percent polyacrylamide gels as described by Weber and Osborn (22) Figure 1 shows the microdensitometer tracings of the autoradiograms of the dried gels. Three of the proteins synthesized in the cell-free reaction comigrated with marker cytoplasmic proteins, M, NS, and N ( Fig. la and b) . The fourth major protein migrated slightly faster than the cytoplasmic G protein. In previous work, synthesis of G protein in vitro was only barely detectable (9) . More recently, translation in wheat germ extracts of RNA isolated from the membrane fraction of VSV-infected cells has produced a protein which migrates on gels slightly faster than cytoplasmic G protein (T. Morrison and H. Lodish, manuscript in preparation). Since the VSV mRNA used here was isolated from cytoplasm which contains membranes, it appears that G protein is being synthesized by the ascites extracts. Further evidence will be presented later indicating the authenticity of the apparent G protein formed in vitro. The synthesis of L protein would not have been evident in these gels because the large amount of endogenous proteins at the top of these gels (see Fractionation of VSV mRNA. To determine the identity of the VSV mRNA coding for the individual VSV proteins, 32P-labeled cytoplasmic VSV poly(A)-containing RNA was fractionated by preparative formamide-polyacrylamide gel electrophoresis into the species described in the previous paper (15) , as shown in Fig. 2 . Lane a of Fig. 2 shows that total poly(A)-containing VSV mRNA was resolved into four spcies, called bands 1 to 4. The RNA in bands 2, 3, and 4 were eluted from the gel and purified by oligo(dT) cellulose chromatography as described previously (15 Fig. 3 were excised and treated with trypsin (see above).
The resulting peptides were resolved by paper electrophoresis at pH 3.5 ( Fig. 4A and B Fig. 4 show the pattern of tryptic peptides of the cytoplasmic N protein and of the band 3 mRNA product comigrating with it (a gel band on another gel equivalent to region 2 in Fig. 3 Fig. 4 Fig. 4 show the similarity in tryptic peptides between the cytoplasmic M protein and the band 4 mRNA product comigrating with M (region 6 of Fig. 3 Fig. 5 . From this, the molecular weights of the VSV proteins were determined. The cytoplasmic G protein was found to migrate at 66,000 daltons, as if it were larger than the in vitro synthesized G at 63,500. As stated previously, we believe this difference to be due to glycosylation of the cytoplasmic protein, and thus the molecular weight of the in vitro G protein should more closely approximate the molecular weight of the protein moiety of the glycoprotein. Cytoplasmic N and in vitro synthesized N comigrated on these gels and were determined to have a molecular weight of 52,500. The cytoplasmic and in vitro NS proteins comigrated with a molecular weight of 43,000, and the in vitro and cytoplasmic M proteins also comigrated with a molecular weight of 27,000. While it has previously been shown that the NS protein synthesized in reticulocyte and wheat germ extracts is larger than the cytoplasmic NS protein by 2,000 to 3,000 daltons (9), we found this not to be the case for the NS protein synthesized in ascites extracts.
DISCUSSION
In our earlier studies mRNA was isolated from the polyribosomes of VSV-infected cells which had been disrupted by nonionic detergents. When added to cell-free extracts of reticulocytes or ascites cells, this RNA directed the synthesis of the VSV L, M, N, and NS proteins, but little G protein was made (9) . Subsequently, it has been shown that all G mRNA is (14) , all the 13 to 15S VSV mRNA, including the G mRNA, are recovered in the pooled cytoplasmic extracts.
In the Krebs ascites cell-free system, this mRNA directs the synthesis primarily of the VSV proteins, even though much host mRNA is present. We do not know whether the VSV mRNA is present in much larger quantities than the host cell mRNA or whether the VSV mRNA is more efficiently translated than the host cell mRNA.
Elution of fractionated species of a Determined by 99% formamide-polyacrylamide gel electrophoresis as described (15) .
'Determined using fingerprint analysis of 32P-labeled mRNA species as described (15) This band has been shown to be heterogeneous (15) , but presumably contains the 28S mRNA species identified on sucrose gradients (2, 11, 21) and which has been shown to have poly(A) (19) . This species has been shown to code for the L protein (9) , and if band 1 contains this mRNA, this would complete the identification of the mRNAs for the known VSV proteins.
